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Real Party in Interest 

The real party of interest in this appeal are The Regents of the University of California, who 
is the assignee. 

Related Appeals and Interferences 

There are no related appeals or interferences. 

Status of the Claims 

This application claims the benefit of U.S. provisional patent application serial number 
60/1 05,259, filed October 22, 1 998. 

Claims 1-35 and 40 were cancelled during prosecution. 

All pending claims (claims 36-39 and 41-50) are rejected and are appealed. 

The appealed claims are listed in Appendix I. 

Status of Amendments 

All amendments to the claims have been entered. 

Summary of the Invention 

Appellants claim a method for producing an antibody in the methylotrophic yeast Pichia 
using a "dual expression cassette vector" (i.e., a vector containing two expression cassettes, one 
for expressing each of the two chains of an antibody (heavy chain and light chain)), (see, e.g., 
page 6, line 32 to page 7, line 7; page 9, line 9 to page 10, line 12; page 24, line 27 to page 25, 
line 17; page 27, lines 5-27; (Example 2) and Figure 1 (description at page 4, line 32 to page 5, 
line 4); and Figure 6 (showing detecting of secreted antibody)). According to the claimed 
methods, a Pichia cell containing such a dual expression cassette vector is cultured to provide for 
expression of antibody light and heavy chains, and the antibody is harvested fi-om culture 
supernatant, (page 7 lines 3-7). 

Appellants also claim a Pichia expression vector that is a "dual expression cassette" 
vector having two expression cassettes which comprise nucleic acid encoding the heavy and light 
chains of an antibody, where the vector provides for production of the antibody in a Pichia host 
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cell (see, e.g., page 6, line 32 to page 7, line 7; page 9, line 9 to page 10, line 12; page 27, lines 5- 
27; (Example 2) and Figure 1 (description at page 4, line 32 to page 5, line 4)). 

Appellants also claim a recombinant Pichia cell containing such an expression vector 
(page 6, line 32 to page 7, line 7; page 10, line 26 to page 11, line 21; page 24, line 27 to page 
25, line 17; page 29, line 20 to page 30, line 1 1). 

Claims 36, 47 and 48 are illustrative of the method, vector, and recombinant cell claims 
on appeal, respectively: 

36. A method for production of an antibody that specifically binds an 
antigen of interest, the method comprising the steps of: 

culturing a recombinant Pichia cell, the cell comprising a vector 
comprising a first and a second expression cassette, wherein: 

said first expression cassette comprises a first promoter operably linked to 
a nucleic acid encoding an immunoglobulin light chain operably linked to a first 
signal peptide; 

said second expression cassette comprises a second promoter operably 
linked to a nucleic acid encoding an immunoglobulin heavy chain operably linked 
to a second signal peptide, 

and said culturing provides for expression of the immunoglobulin light 
and heavy chains; and 

harvesting specific antigen-binding antibody firom culture supernatant, 
which antibody specifically binds an antigen of interest. 
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47. A Pichia expression vector comprising: 

a first and a second expression cassette, said first cassette comprising a 
first promoter operably linked to a nucleic acid encoding an immunoglobulin light 
chain operably linked to a first signal peptide, and said second cassette comprising 
a second promoter operably linked to a nucleic acid encoding an immunoglobulin 
heavy chain operably linked to a second signal peptide, 

wherein introduction of said vector into a Pichia host cell provides for 
production of a recombinant immunoglobulin protein that specifically binds an 
antigen and is secreted by the host cell. 

48. A recombinant Pichia cell containing the expression vector of 
claim 47. 

Accordingly, a method for producing an antibody in Pichia using a dual expression 
cassette vector is being claimed. Also claimed is a dual expression cassette vector and 
recombinant Pichia cell as used in the subject methods. 

The subject methods have general utility for production of large quantities of an antibody 
using the methylotrophic yeast, Pichia pastoris, (page 25, lines 19-21). 

Issues 

There are two issues on appeal, each relating to rejections of the pending claims for 
obviousness under 35 U.S.C. §103(a), as follows: 

I. Whether The Invention As Claimed In Claims 36-39 And 42-50 Is 
Obvious Under 35 U.S.C. §103 In View Of Horw^itz, Cregg, The Invitrogen 
Catalog And Robinson 

Claims 36-39 and 42-50 stand rejected in the Office Action of September 12, 2003, under 
35 U.S.C. §103 as being unpatentable over Horwitz (PNAS 85:8678-8682, 1988) and further in 
view of Cregg (Developments in Industrial Microbiology 29:33-41, 1998); The Invitrogen 
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Catalog (1997) (published 1/97, Yeast expression pages 14-19 and Master Catalog Amendment 
Notice for pPICZ vectors form 4/15/96); and Robinson (USPN 6,204,023). 

Horwitz is cited for its disclosure of a single expression cassette vector system for 
production of functional antibodies in S. cerevisiae. Cregg is cited for its disclosure of a Pichia 
alcohol oxidase promoter. The Invitrogen Catalog is cited for its disclosure of a single expression 
cassette vector system for use in Pichia. Robinson is cited for its disclosure of a dual expression 
cassette system for producing functional antibodies in manrunalian cells, and for its asserted 
suggestion that such a dual expression cassette system could be used for antibody production in 
"yeast". The issue on appeal here is whether the rejected claims directed to a method of 
producing an antibody in Pichia using a dual expression cassette vector, as well as claims 
directed to such dual expression cassette vectors and recombinant Pichia cells containing such 
vectors, are obvious from these combined disclosures. 

11. Whether The Invention As Claimed In Claims 36-39 And 41-50 Is 
Obvious Under 35 U.S.C. §103 In View Of Horwitz, Cregg, The Invitrogen 
Catalog, Robinson, And Vanderlaan 

Claims 36-39 and 41-50 stand rejected under 35 U.S.C. §103 as being xmpatentable over 
Horwitz (PNAS 85:8678-8682, 1988) and further in view of Cregg (Developments in Industrial 
Microbiology 29:33-41, 1998), The Invitrogen Catalog (1997) (published 1/97, Yeast expression 
pages 14-19 and Master Catalog Amendment Notice for pPICZ vectors form 4/15/96), Robinson 
(USPN 6,204,023), and Vanderlaan (USPN 5,429,925). 

Horwitz is cited for its disclosure of a single expression cassette vector system for 
production of functional antibodies in S. cerevisiae, Cregg is cited for its disclosure of a Pichia 
alcohol oxidase promoter. The Invitrogen Catalog is cited for its disclosure of a single expression 
cassette vector system for use in Pichia, Robinson is cited for its disclosure of a dual expression 
cassette system for producing functional antibodies in mammalian cells, and for its asserted 
suggestion that such a dual expression cassette system could be used for antibody production in 
"yeast". Vanderlaan is cited for its disclosure of an anti-dioxin antibody. The issue on appeal is 
whether the rejected claims are unpatentable under 35 U.S.C. §103(a) in view of these combined 
disclosures. 
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Grouping of the Claims 

As to each ground of rejection set out in the Office Action mailed September 12,2003, 
claims 36-39 and 41-50 are argued together, and as such stand or fall together with respect to 
each ground of rejection. 

Argument 

The two issues on appeal are each rejections of the claims under 35 U.S.C. §103(a) which 
are based on a combination of references - namely Horwitz, Cregg, The Invitrogen Catalog and 
Robinson (Issue I) and these same references further combined with Vanderlaan (Issue II). Thus, 
the arguments presented below with respect to Issue I apply with equal force to Issue II. 

L The Invention As Claimed In Claims 36-39 And 42-50 Is Not Obvious 
Under 35 U.S.C. §103 In View Of Horwitz, Cregg, The Invitrogen Catalog 
And Robinson 

Claims 36-39 and 42-50 stand rejected as prima facie obvious in view of Horwitz, Cregg, 
The Invitrogen Catalog and Robinson as discussed above. 

The M.P.E.P. provides clear guidance on the requirements of a prima facie case of 
obviousness: 

To establish a prima facie case of obviousness, three basic criteria must be 
met. First, there must be some suggestion or motivation, either in the references 
themselves or in the knowledge generally available to one of ordinary skill in the 
art, to modify the reference or to combine reference teachings. Second, there must 
be a reasonable expectation of success. Finally, the prior art reference (or 
references when combined) must teach or suggest all the claim limitations." 
M.P.E.P. § 2142. 

Thus, in order to render a claimed invention obvious, there must be some suggestion to 
modify or combine the cited references to provide the claimed invention. Therefore, in order to 
render the appealed claims obvious in view of the cited references, there must be a suggestion to 
use a dual expression cassette vector to express an antibody in Pichia (claims 36-39, 41-46 and 
49-50, as well as dual expression cassette vectors (claim 47), and recombinant Pichia containing 
such dual expression cassette vectors (Claim 48). 
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Further, in order to render a claimed invention obvious, there must be a reasonable 
expectation of success in practicing the claimed invention. Therefore, in order to render the 
appealed claims obvious in view of the cited references, one of skill in the art must reasonably 
expect success in using a dual expression cassette vector to produce antibodies in Pichia, and in 
making such vectors and recombinant Pichia cells. 

The Appellants respectfully submit that: 

a) the rejection is in error because the Office has not shown that the cited art provides any 
motivation or suggestion to use a dual expression cassette vector in Pichia , and 

b) the rejection is in error because one of skill in the art would have no reasonable 
expectation of success in practicing a method of producing an antibody in Pichia using a dual 
expression cassette vector. 

Accordingly, the Office has failed to establish a prima face case of obviousness, and this 
rejection should be withdrawn. Reasoning in support of the Appellants position is set forth 
below. 

a) The cited references provide no motivation to make and use dual expression 
cassettes for antibody production in Pichia 

The rejection is based upon a combination of references in order to provide all the 
elements of the claims. The disclosures of Horwitz, Gregg and the Invitrogen Catalog relied upon 
by the Office are as follows: 

• Horwitz is cited for its disclosure of a sinsle expression cassette vector system for 
production of functional antibodies in S. cerevlsiae , 

• Cregg is cited for its disclosure of a Pichia alcohol oxidase promoter. 

• The Invitrogen Catalog is cited for its disclosure of a sinsle expression cassette 
vector system for use in Pichia . 

None of these references provide any disclosure relating to a dual expression cassette 
vector or the use of same in Pichia as required by the claims. In an erroneous attempt to cure this 
deficiency of these combined disclosures, the Office has relied upon Robinson. 

Robinson is cited on the grounds that it provides a key element lacking in each of the 
other references - namely a dual expression cassette vector. However, at no point does Robinson 
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suggest that a dual expression cassette for use in Pichia , or, for that matter, even mention the 
word "Pichia^\ At best, Robinson suggests - but does not show - using a dual expression 
cassette vector in "yeast". In order to establish the "motivation" to combine the references as 
required under the law of obviousness, the Office has erroneously interpreted the word "yeast" as 
used in the context of Robinson to mean a genus of microorganisms that encompasses Pichia, 
The Appellants respectfully disagree with this interpretation of the word "yeast" in the context of 
Robinson, and respectfully submit that the disclosure of "yeast" in Robinson cannot be extended 
to encompass Pichia, 

As is well established in the Courts, and as set forth in MPEP § 2123, a reference may be 
relied upon for all that it reasonably suggests to one having ordinary skill in the art.^ 
Accordingly, a teaching of the reference can not be viewed in isolation, but rather must be 
considered in the context of what it would have suggested to one of skill in the art. 

The Appellants respectfully submit that, to one of ordinary skill in the art, the word 
"yeast", as used in the context of Robinson, refers to a species of yeast that is commonly known 
as brewers' yeast, S, cerevisiae. The use of the word "yeast" in Robinson does not encompass the 
methylotrophic yeast Pichia. Accordingly Robinson provides no suggestion to use such a vector 
for antibody production in Pichia, 

The Appellants' position is supported both from an analysis of the use of "yeast" in 
Robinson itself, as well as by evidence made of record in the form of a declaration under 37 
C.F.R. §1.132. 

First, Appellants point out that Robinson uses the terms "yeast" and "S. cerevisiae''' 
interchangeably throughout the reference. For example, Robinson refers to the S. cerevisiae gene 
as "the yeast invertase gene", (Robinson, col.44, lines 46-47) refers to the S, cerevisiae PGK 
promoter as "the yeast PGK promoter", (Robinson, col. 9, lirie 50) and refers to the origin of 

' MPEP § 2123 :A reference may be relied upon for all that it would have reasonably suggested to one having 
ordinary skill the art, including nonpreferred embodiments." citing Merck & Co. v. Biocraft Laboratories, 874 F.2d 
804, 10 USPQ2d 1843 (Fed Cir.), cert denied, 493 U.S. 975 (1989). See also Celeritas Technologies Ltd, v. 
Rockwell International Corp., 150 F.3d 1354, 1361, 47 USPQ2d 1516, 1522-23 (Fed. Cir. 1998) (The court held 
that the prior art anticipated the claims even though it taught away from the claimed invention. "The fact that a 
modem with a single carrier data signal is shown to be less than optimal does not vitiate the fact that it is 
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replication of the 2-micron plasmid endogenous to S. cerevisiae as "the yeast origin of 
replication, oriY, a cis-acting sequence (REPS) from the yeast endogenous 2-micron plasmid." 
(Robinson, col. 45, line 65-col 46, line 2). At no point in the disclosure does Robinson define 
"yeast" as anything other than S. cerevisiae, and never uses the term "yeast" to describe anything 
other than S. cerevisiae. Furthermore, the relevant examples in Robinson relating to antibody 
expression in "yeast" only describe use of S, cerevisiae. As such, one of skill in the art would 
recognize that "One preferred host is yeast" (column 15, line 39), as cited by the Examiner to 
establish the "motivation" aspect of this rejection, is directed S. cerevisiae, not Pichia . 

Second, and in further support the Appellants position, a Declaration by Dr. James 
Trager (referred to hereafter as "TD") was submitted during prosecution. A copy of the Trager 
Declaration is provided herewith as Appendix III. Under the case law and its own rules of 
practice, the Office is required to consider the factual evidence in the record, including the Trager 
Declaration and its factual underpinnings, and either accept them as true or rebut them with a 
factual showing of its own. In re Alton, 76 F.3d 1 168, 1 175, 37 U.S.P.Q.2d (BNA) 1578, 1583 
(Fed. Cir. 1996). 

In his career. Dr. Trager has worked with several different species of fiingi, including 
Saccharomyces cerevisiae and Pichia pastoris, and has published several journal articles 
regarding this work. TD ^3. 

Further because Dr. Trager, in October 1999 (the filing date of this application), a) was 
one of skill in the art (termed by Dr. Trager as a "Skilled Person") and b) regularly attended 
external and internal meetings at which people of skill in the art presented their research, he is 
qualified by training and experience to address what one of skill in the would have understood 
from a reading of the cited publications, including Robinson. TD \1 

Dr. Trager has reviewed all of the cited references and states that Robinson is the only 
reference that discusses dual-expression cassette vectors, and a suggestion to use such vector in 
"yeast" may be found in column 16 of Robinson. Dr. Trager states that a Skilled Person would 
not equate "yeast" with "P/c/zm" in Robinson, and, as such, a Skilled Person would find no 
suggestion to use dual expression cassette vectors for antibody production in Pichia, TD ^10. 



disclosed."). 
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Dr. Trager's reasoning for this position is set forth in TD ^f^l 1-12. 

Specifically, Dr. Trager states that as is known by the Skilled Person, the word "yeast" 
has one of two meanings, depending on the context of how it is used. In the first meaning, 
"yeast" solely refers to the species of Saccharomyces cerevisiae, commonly known as "brewer's 
yeast". For example, if a Skilled Person says he works in a "yeast lab", he is indicating that he 
works in a lab that works on 5. cerevisiae. In the second meaning, "yeast" refers to a genus of 
fungi that encompasses over 25,000 species from the following families Saccharomyes, Pichia, 
Candida, Schizosaccharomyces, Neurospora, and others. As an example, throughout Dr. 
Trager' s declaration the word "yeast" has been used in its second meaning, referring to a genus 
of fungi. In other words, depending on the context of how the word "yeast" is used in a reference, 
it refers to either S. cerevisiae, or a genus of over 25,000 species of fungi. TD Tfl 1 . 

In his declaration, Dr. Trager states that from the context in which the word "yeast" is 
used in Robinson, a Skilled Person would recognize that Robinson uses the word "yeast "with its 
first meaning - as a reference to S. cerevisiae, A Skilled Person would recognize this because 
Robinson uses the terms, "yeast" and "5. cerevisiae'' interchangeably. For example, Robinson 
refers to the 5. cerevisiae gene as "the yeast invertase gene", refers to the iS". cerevisiae PGK 
promoter as "the yeast PGK promoter", and refers to the origin of replication of the 2-micron 
plasmid endogenous to S. cerevisiae as "the yeast origin of replication, oriY, a cis-acting 
sequence (REP3) from the yeast endogenous 2-micron plasmid." According to Dr. Trager, at no 
point in the disclosure does Robinson suggest that "yeast" encompasses anything other than 5. 
cerevisiae. Tfl2 

Dr. Trager concludes by stating that upon reading the Robinson reference as a whole, a 
Skilled Person would recognize that the "yeast" referred to by Robinson is, in fact, S. cerevisiae, 
and not a genus of fungi. Any suggestion by Robinson to use a dual expression cassette to 
express an antibody in yeast is, therefore, a suggestion to use a dual expression cassette vector to 
express an antibody in S. cerevisiae. Since S. cerevisiae and Pichia are different species, a 
Skilled Person would find no suggestion in Robinson to use dual expression cassette vectors for 
antibody production in Pichia. 

Finally Dr. Trager finally states that based on his reasoning, it is his unequivocal opinion 
that a Skilled Person would find no suggestion in Robinson to use a dual expression cassette 
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vector for antibody production in Pichia, Further, Dr. Trager states that this suggestion is not 
provided by any of the other cited references. Accordingly, the cited references, independently or 
together, do not suggest using a dual expression cassette vector for use in Pichia, Tfl4 

In view of the foregoing arguments, the Appellants respectfully submit that the Office, at 
best, has provided a suggestion to use a dual expression cassette vector to express an antibody in 
S, cerevisiae, not Pichia, Since the claims are directed to methods and compositions for 
producing antibodies using a dual expression cassette vector in Pichia, not S. cerevisiae, the 
Appellants respectfully submit that the Office has failed to establish a prima facie case of 
obviousness. Accordingly, this rejection should be withdrawn. 

b) The art provides no reasonable expectation of success 

Even if Robinson were to suggest use of dual expression cassette vectors in Pichia - and 
it is Appellants' unequivocal position that Robinson does not provide any such suggestion - the 
Appellants respectfully submit that the cited art further provides no reasonable expectation of 
success in the practice of the claimed invention. 

In support of this position, the Appellants respectfully submit that scientific literature 
relating to antibody expression in Pichia would actually lead a Skilled Person away from 
combining the cited references. For example, two reviews of the scientific literature on antibody 
expression in Pichia each discourage the Skilled Person from the expression of antibodies in 
Pichia using dual expression cassette vectors. These references are submitted herewith as part of 
an Information Disclosure Statement, and are part of the record of this application. For the 
Board's convenience, copies of these references are again submitted with this Brief as 
Appendices III and IV, and the sections of the references referred to below are underlined. 

The first of these references, Pennell {Res Immunol 1998 149:599-603; Appendix III), 
states "The size of the protein to be expressed may also be limiting because to our knowledge, 
there are no reports of proteins greater than 1 17 kDa being expressed in P. pastoris '' (emphasis 
added). Since antibodies are generally larger than 1 17 kDa, Pennell' s disclosure would lead a 
Skilled Person away from expressing a whole antibody in Pichia. 



12 



Atty Dkt. No.: UCAL-269 
USSN: 09/425,075 

The second of these references, HoUiger {Methods in MolBiol 2002 178:348-357; 
Appendix IV), states, in section 8 on page 351 "Because bicistronic expression works only 
poorly in Pichia (unlike E. coli), it is preferable to use single-chain Ab formats. Two chain Ab 
formats require that the two chains be cloned and transformed separately ", (emphasis added). 
HoUinger, therefore, unequivocally and explicitly states that single expression cassette vectors 
are required if expression of two different chains of an antibody is desired. 

As such, in view of these references, especially in view of HoUinger' s explicit warning 
against dual expression vectors for antibody in Pichia, a skilled person would be directly led 
away from combining the cited references to provide the invention. 

Dr. Trager has reviewed these references, and has expressed agreement with the 
Appellants' position in his declaration. TD Tnfl7-21. Dr. Trager summarizes his analysis by 
stating: "it is my unequivocal opinion that a Skilled Person, in view of the cited publications (i.e., 
Robinson et al, etc.), would not find the invention obvious because the literature and common 
knowledge in the field would lead them away from doing so. Given that two different reviews of 
the field of antibody expression in Pichia categorically and in no uncertainty direct away from 
using dual expression cassette vectors, why would a Skilled Person expect it would 
work ?" TD t22 

Furthermore, the Appellants respectfiiUy submit that protein expression is unpredictable, 
and successful heterologous protein expression in 5. cerevisiae does not predict successful 
heterologous protein expression in Pichia. 

Support for this assertion is found in Dr. Trager' s Declaration. 

Dr. Trager states in his declaration that iS'. cerevisiae and Pichia are very different, 
phylogenetically distinct, species. It follows that a Skilled Person would recognize that even if a 
protein could be expressed in one species, there would be no reasonable expectation of success 
that it could be expressed in the other. For example, even if functional antibodies were shown to 
be expressed in S, cerevisiae, a Skilled Person would have no reasonable expectation of success 
in expressing the same antibodies in Pichia, TD ^1 5 

Dr. Trager concludes by stating that a Skilled Person would recognize that an example of 
expressing a heterologous protein, such as an antibody, in S. cerevisiae would have no bearing 
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whatsoever on whether or not that same heterologous protein could be expressed in Pichia. Even 
if a reference was cited that actually showed a working method for the expression of functional 
antibodies in 5. cerevisiae using a dual expression cassette vector, it is my unequivocal opinion 
that a Skilled Person would have no reasonable expectation of success in practicing such a 
method in Pichia, TD ^16 

Robinson fails to show expression of an antibody in S. cerevisiae using a dual expression 
cassette vector. Thus, the ordinarily skilled artisan must make at least three leaps from the 
disclosure of Robinson - 1) that "y^^st" means something other than S. cerevisiae (as discussed 
above); 2) that evidence of a single expression cassette vector for antibody production works in 
S. cerevisiae is predictive of success in using a dual expression cassette vector for antibody 
production in S. cerevisiae; and 3) expression in S. cerevisiae can be reasonably extrapolated to 
predict success in expression in Pichia, The reviews provided in Appendices III and IV, 
combined with Dr. Trager's declaration, provides ample evidence that none of these leaps are 
trivial, and that the ordinarily skilled artisan would not make these leaps. 

Accordingly, even if one of skill in the art were to interpret the word "yeast" broadly to 
encompass the species Pichia, and even if Robinson did teach successful expression of an 
antibody in S. cerevisiae using a dual expression cassette, one of skill in the art would still not be 
motivated to use a dual expression cassette vector for antibody expression in Pichia, since, as 
noted by Dr. Trager, there would have been no reasonable expectation of success in practicing 
such a method in Pichia. 

In summary, one of skill in the art would find no specific motivation to combine the cited 
references to provide the claimed invention, and, in fact would be strongly led away from the 
invention. 

The Appellants respectfully submit that the foregoing discussion adequately addresses 
this rejection of the appealed claims. Withdrawal of the rejection,is respectfiilly requested. 



14 



Atty Dkt. No.:UCAL-269 
USSN: 09/425,075 

c Specific assertions by the Examiner 

In the Office Action of September 12, 2003, the Examiner remained unpersuaded by the 
Appellants' arguments. 

In response to the Appellants arguments that the word "y^ast" means "S. cerevisiae" in 
Robinson, the Examiner stated that the arguments were unpersuasive because "the term "yeast" 
can encompass Pichia and in fact does". Office Action ^4 on page 3. The Appellants respectfully 
submit that the Examiner's statement is not accurate because, as argued above, the term "yeast" 
has two meanings, and depending on its meaning, may not encompass Pichia, In fact, as used in 
Robinson, the word "yeast" does not encompass Pichia, 

Further, the Examiner finds the Appellants' arguments unconvincing because "one 
reading the art of the Invitrogen catalog in combination with the cited references would have the 
motivation to use the Pichia strain as well as the expression vectors described therein because of 
the benefits recited fi)r the Pichia expression system catalog"^ ^{4 on page 3. (Emphasis added). 
However, as reasoned above, there is no suggestion in any of the references, including the 
"Pichia expression system catalog" (which is interpreted to mean the cited Invitrogen catalog), to 
use a dual expression cassette vector in Pichia, To be explicitly clear: the Invitrogen catalog does 
not even disclose a dual expression cassette vector. How can the Invitrogen catalog provide any 
motivation to use a dual expression cassette vector to produce antibodies in Pichia if such a 
vector is not even disclosed? 

Further, the Examiner finds the Appellants' arguments regarding the teachings of 
HoUiger unconvincing because "the citation is in a reference and it is unclear what is meant by 
the citation", "there is no scientific evidence provided in the response to warrant the need to use 
two separate vectors", and because Dr. Trager uses the phrase "HoUiger, therefore appears to say 
that ". (emphasis added) Office Action \A on pages 4 and 5. 

In rebuttal, the Appellants respectfully submit that HoUiger {Methods in Mol Biol, 2002 
178:348-357) represents a detailed review of methods for expressing antibody fragments in 
Pichia pastoris. It is one of very few reviews on antibody expression in Pichia, and a reference 
that one of skill in the art would undoubtedly turn to when deciding an approach for producing 
an antibody in Pichia, 
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In Holliger's materials section, HoUiger provides a list of reagents for use in antibody 
production in Pichia, The antibody vector "Ab clone" is detailed in section 8 on page 35 1 . In this 
section, Holliger states "Two-chain Ab formats (e.g., Fvs, Fabs, bispecific diabodies) require that 
the two chains be cloned and transformed separately". This statement is clear and concise, and, 
even in the absence of data to support HoUiger' s advice, HoUiger' s advice represents a 
significant teaching away fi"om the claimed invention, which requires that the two chains be 
cloned on the same vector, not separately. 

The Examiner also asserts that Dr. Trager, because he uses the phrase "Holliger, therefore 
appears to say that. . ." (emphasis added), is indicating ambiguity as to the meaning of HoUiger's 
advice. However, Dr. Tragef also states that "two different reviews of the field of antibody 
expression in Pichia [one being Holliger and the other Pennell] categorically and in no 
uncertainty direct away fi-om using dual expression cassette vectors", (phrase in brackets added) 
SD 22. The Appellants respectfully submit that any ambiguity in Dr. Trager' s opinion of the 
teachings of Holliger are addressed by this later unqualified statement. 

Accordingly, the Examiner's reasoning for dismissing the Appellants' submissions, 
including their arguments and the Trager Declaration, lack force. 

IL The Invention As Claimed In Claims 36-39 And 41-50 Is Not Obvious 
Under 35 U.S.C. §103 In View Of Horwitz, Cregg, The Invitrogen 
Catalog, Robinson, And Vanderlaan 

Claims 36-39 and 41-50 stand rejected as prima facie obvious in view of Horwitz, Gregg, 
The Invitrogen Catalog and Robinson (Issue I) and further in view of Vanderlaan. 

As noted above, the two issues on appeal are each rejections of the claims under 
35 U.S.C. §103 (a) which are based on a similar combination of references. The rejection of 
Issue I is based on a combination of the disclosures of Horwitz, Cregg, The Invitrogen Catalog 
and Robinson. Issue II addressed here is based on a combination of those same references further 
combined with Vanderlaan. 

The errors in the rejection here are the same as those set out above for Issue I. Vanderlaan 
does nothing to cure the deficiencies of the rejection. Rather Vanderlaan only discloses an 
antibody that binds dioxin, and thus is asserted to provide the element of rejected claim 41. 
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However, Vanderlaan is silent with respect to expression of an antibody in Pichia or the 
use of a dual expression cassette vector. 

The Appellants respectfully submit that the discussion above adequately addresses this 
rejection of the appealed claims. Withdrawal of the rejection is respectfully requested. 

Summary 

Contrary to the Examiner's assertions, the Appellants respectfully submit that the claims 
are not obvious in view of the cited art because: a) the desirability of dual expression cassette 
vectors for antibody production in Pichia is not suggested by the cited art, and b) one of skill in 
the art would not practice a method of producing antibodies in Pichia using a dual expression 
cassette vector with any reasonable expectation of success because the art directly teaches 
directly away from using dual-expression cassette vectors, and because it would not be possible 
to predict is such a method would work in Pichia prior to performing the method. 

Relief Requested 

Appellants respectfully request that the rejection of claims 36-39 and 41-50 under 35 
U.S.C. §103 be reversed, and that the application be remanded to the Examiner with instructions 
to issue a Notice of Allowance. 
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Request for Oral Hearing 

Appellants request an oral hearing on this appeal, and enclose two additional copies of 
this Brief in connection therewith. 



RespectftiUy submitted, 
BOZICEVIC, FIELD & FRANCIS LLP 



Date: 




BOZICEVIC, FIELD & FRANCIS LLP 
200 Middlefield Road, Suite 200 
Menlo Park, California 94025 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 

F:\DOCUMENT\UCAL\269\IIappealbrief.doc 



, Jaines S. Keddie 

^istration No. 48,920 
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Appendix I 
Pending Claims 

36. A method for production of an antibody that specifically binds an 
antigen of interest, the method comprising the steps of: 

culturing a recombinant Pichia cell, the cell comprising a vector 
comprising a first and a second expression cassette, wherein: 

said first expression cassette comprises a first promoter operably 

linked to a nucleic acid encoding an immunoglobulin light chain operably 

linked to a first signal peptide; 

said second expression cassette comprises a second promoter 

operably linked to a nucleic acid encoding an immunoglobulin heavy 

chain operably linked to a second signal peptide, 
and said culturing provides for expression of the immunoglobulin light and heavy 
chains; and 

harvesting specific antigen-binding antibody fi-om culture supernatant, 
which antibody specifically binds an antigen of interest. 

37. The method of Claim 36, wherein each of said first and second 
signal sequences is a yeast a- factor signal sequence. 

38. The method of Claim 37, wherein each of said first and second 
signal sequences is a Saccharomyces cerevisiae a-factor signal sequence. 
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39. The method of Claim 36, wherein said Pichia is Pichia pastoris. 

41 . The method of Claim 36, wherein said antibody specifically binds 

dioxin. 

42. The method of Claim 36, wherein each of said first and second 
promoters is an inducible promoter. 

43. The method of Claim 42, wherein each of said first and second 
promoters is an alcohol oxidase promoter. 

44. The method of Claim 43, wherein said each of first and second 
promoters is a Pichia alcohol oxidase promoter. 

45. The method of Claim 36, wherein the antibody is a mouse 
antibody, a humanized mouse antibody, or a human antibody. 

46. The method of Claim 36, wherein the antibody is recovered fi'om the 
culture supernatant at more than about lOmg/1. 

47. A Pichia expression vector comprising: 
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a first and a second expression cassette, said first cassette comprising a 
first promoter operably linked to a nucleic acid encoding an immunoglobulin light 
chain operably linked to a first signal peptide, and said second cassette comprising 
a second promoter operably linked to a nucleic acid encoding an immunoglobulin 
heavy chain operably linked to a second signal peptide, 

wherein introduction of said vector into a Pichia host cell provides for 
production of a recombinant immunoglobulin protein that specifically binds an 
antigen and is secreted by the host cell. 

48. A recombinant Pichia cell containing the expression vector of 
claim 47. 

49. A method for production of an antibody comprising the steps of: 
culturing the recombinant Pichia cell of claim 48 so as to provide for 

antibody expression; and 

harvesting the antibody fi-om culture supernatant. 

50. A method for production of an antibody that specifically binds an 
antigen of interest, the method comprising the steps of: 

culturing a recombinant Pichia cell, the cell comprising a vector 
comprising a first and a second expression cassette, wherein: 
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said first expression cassette comprising a Pichia alcohol oxidase 
promoter operably linked to a nucleic acid encoding an immunoglobulin 
light chain operably linked to a first signal peptide; 

said second expression cassette comprising a Pichia alcohol 
oxidase promoter operably linked to a nucleic acid encoding an 
immunoglobulin heavy chain operably linked to a second signal peptide, 
and said culturing provides for expression of the immunoglobulin light and heavy 
chains; and 

harvesting specific antigen-binding antibody fi'om culture supernatant, 
which antibody specifically binds an antigen of interest. 
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Dear Sir: 

1. I, James B. Trager, declare and say I am a resident of the State of California. My 
residence address is 1308 Park Avenue, Alameda, California. 



2. I hold a B.A. degree in Philosophy, which I received from St. John's College, 
Santa Fe, in 1984. I further hold an Ph.D. degree, which I received from the 
University of California at Berkeley, in 1994. 1 currently work as a Senior Scientist at 
Geron Corporation. 

3. I did my Ph.D. in the field of gene expression in Saccharomyces cerevisiae, and, 
during the course of my research career, I have worked with several different species 
of yeast, including Saccharomyces cerevisiae and Pichia pastoris, sometimes for 
expression of heterologous proteins. Details of my career and publications m.ay be 
found in my curriculum vitae, provided herewith. I am therefore very familiar with 
yeast in general, and am well qualified to offer my opinion on what a researcher of 
ordinary skill in the art would consider obvious in the area of antibody expression in 
Pichia in October 1999, the filing date of this application. 



1 



Atty Dkt. No.: UCAL-269 
USSN: 09/425,075 

4. I have reviewed the claims, and understand that the claimed invention (i.e., the 
"Invention" is a method for expressing antibodies in Pichia using a dual expression 
cassette vector, and vectors and host cells for performing the method. I have also 
reviewed the publications (i.e., the "cited publications") of Robinson et al., Horwitz et 
al, Cregg et al, The Invitrogen Catalog 1997, and Sambrook et al, as cited in the 
rejection set forth in the Office Action dated April 16, 2003. 

5. I have been asked to opine of the following general question: 

In view of the cited publications, would one of skill in the art, in October 
1999, think that a method for expressing antibodies in Pichia using a dual 
expression cassette vector is obvious? 

It is my unequivocal opinion, based on the facts and reasoning set forth below, 
that the answer to this question is "no". 

6. It is my understanding that the cited publications are to be viewed from the 
standpoint of one of ordinary skill in the art in the relevant field (a "Skilled Person") 
at the time of filing of the patent application in question. The patent application in 
question was filed on October 21, 1999, and relates to the field of heterologous 
protein expression in yeast. I would expect a Skilled Person in the field of 
heterologous protein expression in yeast, immediately prior to and up to October, 
1999 (the "relevant period") to have been represented by a scientist with a Ph.D. 
degree. I consider that such a Skilled Person would have the ability to make 
constructs for expressing heterologous proteins in yeast without inventive effort. 

7. Since during the relevant period I a) was a Skilled Person and b) regularly 
attended external and internal meetings at which Skilled Persons presented their 
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research, I believe that I am qualified by training and experience to address what a 
Skilled Person would have understood from a reading of the cited publications. 

8. There are three main bases for my opinion that a Skilled Person would not 
conclude that the Invention is obvious in view of the cited publications. I will detail 
those reasons below: 

The cited references, independently or together, do not suggest using a dual expression 
cassette vector for use in Pichia 

9. The cited references, independently or together, do not suggest using a dual 
expression cassette vector for use in Pichia, The reasoning behind this statenient is set 
forth below: 

10. Robinson is the only reference that discusses dual-expression cassette vectors, and 
a suggestion to use such vector in "yeast" may be found in column 16 of Robinson. A 
Skilled Person would not equate "yeast" with ''Pichia'' in Robinson, and, as such, a 
Skilled Person would find no suggestion to use dual expression cassette vectors for 
antibody production in Pichia, 

11. As is known by the Skilled Person, the word "yeast" has one of two meanings, 
depending on the context of how it is used. In the first meaning, "yeast" solely refers 
to the species of Saccharomyces cerevisiae, commonly known as "brewer's yeast". 
For example, if a Skilled Person says he works in a "yeast lab", he is indicating that 
he works in a lab that works on 5. cerevisiae. In the second meaning, "yeast" refers to 
a genus of fungi that encompasses over 25,000 species from the following families 
Saccharomyes, Pichia, Candida, Schizosaccharomyces, Neurospora, and others. As 
an example, throughout this declaration I have used the word "yeast" in its second 
meaning, referring to a genus of fungi. In other words, depending on the context of 
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how the word "yeast" is used in a reference, it refers to either S. cerevisiae, or a genus 
of over 25,000 species of fungi. 

12. From the context of how the word "yeast" is used in Robinson, a Skilled Person 
would recognize that Robinson uses the word yeast with its first meaning, as a 
reference to 5. cerevisiae. A Skilled Person would recognize this because Robinson 
uses the terms, "yeast" and "5. cerevisiae'' interchangeably. For example, Robinson 
refers to the 5. cerevisiae gene as "the yeast invertase gene", refers to the S, cerevisiae 
PGK promoter as "the yeast PGK promoter", and refers to the origin of replication of 
the 2-micron plasmid endogenous to 5. cerevisiae as "the yeast origin of replication, 
ori Y, a cis-acting sequence (REP3) from the yeast endogenous 2-micron plasmid." At 
no point in the disclosure does Robinson suggest that "yeast" encompasses anything 
other than S. cerevisiae. 

13. Upon reading the Robinson reference as a whole, a Skilled Person would 
recognize that the "yeast" referred to by Robinson is, in fact, 5. cerevisiae, not a genus 
of fungi. Any suggestion by Robinson to use a dual expression cassette to express an 
antibody in yeast, is, therefore, a suggestion to use a dual expression cassette to 
express an antibody in 5. cerevisiae. Since 5. cerevisiae and Pichia are different 
species, a Skilled Person would find no suggestion in Robinson to use dual expression 
cassette vectors for antibody production in Pichia. 

14. Based on the reasoning set forth above, it is my unequivocal opinion that a Skilled 
Person would find no suggestion in Robinson to use a dual expression cassette vector 
for antibody production in Pichia. Since this suggestion is not provided by any of the 
other cited references, the cited references, independently or together, do not suggest 
using a dual expression cassette vector for use in Pichia. 
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Successful heterologous protein expression in 5. cerevisiae does not predict successful 
heterologous protein expression in Pichia 

15. 5. cerevisiae and Pichia are very different, phylogenetically distinct, species. It 
follows that a Skilled Person would recognize that even if a protein could be 
expressed in one species, there would be no reasonable expectation of success that it 
could be expressed in the other. For example, even if functional antibodies were 
shown to be expressed in 5. cerevisiae, a Skilled Person would have no reasonable 
expectation of success in expressing the same antibodies in Pichia, 

16. As such, a Skilled Person would recognize that an example of expressing a 
heterologous protein, such as an antibody, in 5. cerevisiae would have no bearing 
whatsoever on whether or not that same heterologous protein could be expressed in 
Pichia, Even if a reference was cited that actually showed a working method for the 
expression of functional antibodies in 5. cerevisiae using a dual expression cassette 
vector, it is my unequivocal opinion that a Skilled Person would have no reasonable 
expectation of success in practicing such a method in Pichia, 

The art would lead a Skilled Person from combining the cited references 

17. The Invention involves a dual expression cassette vector for expression of 
immunoglobulin heavy and light chains of an antibody. Because two expression 
cassettes are on the same vector, a Skilled Person, would not have any reasonable 
expectation of success in making and using such a vector because of the problems 
associated with intra-molecular recombination {e.g. occurring when two parts of a 
vector are similar in nucleotide sequence), transcriptional interference {e.g. occurring 
when transcription of one expression cassette does not terminate properly, so that 
transcription "reads through" so as to interfere with transcription of the second 
expression cassette), and translational interference {e,g. occurring when 
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transcriptional read-through of the first expression cassette produces an antisense 
molecule that interferes with the translation of the RNA from the second expression 
cassette). Such problems are commonly associated with such dual expression cassette 
vectors, especially when the expression cassettes contain polynucleotides with similar 
or identical sequences (for example similar promoters, signal sequence-encoding 
polynucleotides or terminators). The usual way of making vectors usually involves an 
intermediate vector production step in bacteria (e.g., E. coli) these problems would 
pose serious technical barriers. Thus, even if these problems only happened in 
bacteria, they would still impact the question of whether or not a Skilled Person 
would make and use such a vector. 

18. The following publications support this position: Hoshizaki {Mol Cell Bio, 1985 
5:3323-9), Peterson (7. Bact., 1983 156: 177-85); Nies (7. Antimicrob Chemother, 
1986 18:Suppl 35-41); and a page of technical material found at Stratagene's website 
(http://www.stratagene.com/displavPrQduct.asp?productId=290 ). I am told that these 
publications have been previously provided to the Examiner. 

19. Further, with specific reference to antibody expression in Pichia, there appears to 
be a significant amount of scientific literature that would lead a Skilled Person away 
from combining the cited references. For example, two reviews of the scientific 
literature on antibody expression in Pichia each discourage the Skilled Person from 
the expression of antibodies in Pichia using dual expression cassette vectors. 

20. The first of these references, Pennell {Res Immunol. 1998 149:599-603; Exhibit 
A), states "The size of the protein to be expressed may also be limiting because to our 
knowledge, there are no reports of proteins greater than 117 kDa being expressed in 
P. pastoris'' Since antibodies are generally larger than 117 kDa, Pennell's disclosure 
would lead a Skilled Person away from expressing a whole antibody in Pichia. 
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21. The second of these references, Holliger {Methods in Mol Biol 2002 178:348- 
357; Exhibit B), states, in point 8 on page 351 "Because bicistronic expression works 
only poorly in Pichia (unlike coli), it is preferable to use single-chain Ab formats. 
Two chain Ab formats require that the two chains be cloned and transformed 
separately ". (Underlining added). Hollinger, therefore, appears to say that single 
expression cassette vectors are required if expression of two different chains of an 
antibody is desired. 

22. Based on the foregoing discussion, it is my unequivocal opinion that a Skilled 
Person, in view of the cited publications (i.e., Robinson et al, etc.), would not find the 
invention obvious because the literature and common knowledge in the field would 
lead them away from doing so. Given that two different reviews of the field of 
antibody expression in Pichia categorically and in no uncertainty direct away from 
using dual expression cassette vectors, why would a Skilled Person expect it would 
work? 

23. In sunmiary, and in view of the technical problems and guidance set out in the 
scientific hterature as exemplified by the reviews discussed above, it is my. 
unequivocal opinion that a Skilled Person would not conclude that the Invention is 
obvious in view of the cited publications. A Skilled Person would find no specific 
motivation to combine the cited publications to provide the Invention, and, in fact 
would be strongly led away from the invention. 

24. I acknowledge I have been paid $250 for my services in reviewing the materials 
described herein, and in rendering this opinion. 

25. I, James B. Trager, hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge 
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that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title XVin of the United States Code, 
and that such willful false statements may jeopardize the validity of the application or 
any patent issuing thereon. 



Dat? Jamek B. Tr^r, Pl^.D. 

Attachments: ^ 

Exhibit A: Holliger, Methods in Mol Biol. 2002 178:348-357 
Exhibit B: Pennell, Res Immunol. 1998 149:599-603 

F:\DOCUMEN'nUCAL\269\Declaration Trager 1. 132.doc 
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In vitro production of recombinant antibody fragments 

in Pichia pastoris 



C.A. Pennell and P. Eldin 

Department of Laboratory Medicine and Pathology & University of Minnesota Cancer Center, 
University of Minnesota, Minneapolis, MN 55455 (USA), and 



(2) 



Dynamique Molectdaire des Interactions membranaires, Montpellier, Cedex 5 (France) 



Introduction 

The methyltropic yeast Pichia pastoris is rapidly 
becoming a preferred host for the efficient expres- 
sion of heterologous proteins (reviewed in Hollen- 
berg and Gellissen, 1997; Srcekrishna et al, 1991 \ 
Sudbery, 1996). P, pastoris combines the general 
features of protein expression in eukaiyotes with the 
fast growth and genetic modifiability of prokaryotes. 
It is less expensive than other eukaryotic expression 
systems, such as baculovirus or mammalian tissue 
culture, and it typically yields higher quantities of 
secreted functional proteins. The ability to correctly 
express folded secreted proteiiis, including highly 
disulphide-bonded ones (White et al, 1994); pro- 
vides a distinct advantage over bacterial systems that 
often require laborious and inefficient procedures to 
denature and refold proteins expressed as insoluble, 
inclusion bodies (Skerra, 1993). P. pastoris is a 
superior expression host over its more famous non- 
methyltropic relative. Saccharomyces cerevisiae, 
because P. pastoris grows stably to high cell den- 
sities in fcrmentors (> 100 mg dry weight per ml cul- 



ture) and it has strong, tighdy regulated promoters 
(Ellis et al, 1985). For these reasons, P. pastoris has 
recently been exploited as an expression system for 
the high-level secretion of many proteins, including 
recombinant antibody fragments. 

By definition, methyltropic yeasts are capable of 
utilizing methanol as dieir sole carbon source. The 
first enzyme in the mcthanol-utilization pathway, 
alcohol oxidase (AOX). is encoded by two closely 
related genes: AOXl and A0X2 (EUis et al, 1985; 
Cregg et al, 1989). Although the AOXl and A0X2 
proteiiis have 97 % sequence identity and equivalent 
enzymatic activity, over 95% of the alcohol oxidase 
activity in F, pastoris is attributable to AOXl. This 
is due to the strength of the AOXl promoter (Cregg 
et aL, 1989; Koutz et a/., 1989). Upon the addition 
of methanol, AOXl gene transcription is rapidly 
induced to high levels and ultimately accounts for 
5% of the total polyA* RNA (Cregg and Madden, 
1988). The AOXl protein is correspondingly over- 
expressed and comprises up to 30 % of the total 
intracellular proteirL Heterologous genes are there- 
fore cloned under control of the AOX J promoter to 
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allow for their rapid and strong induction by metha- 
nol. The expression of heterologous genes driven by 
the AOXI promoter can result in protein yields 
exceeding 200 mg/1 in shake flask cultures, and can 
be in the g/i range in fermentation cultures (Faber et 
a/., 1995;Cregg et aL, 1993). 

Generating and screening transformants 

To maximize the stability of protein expression, 
heterologous genes are integrated into the P. pastoris 
genome. A series of expression vectors designed for 
homologous integration are commerciaDy available 
(Invitrogen, San Diego, USA; www.invitrogen.com). 
The salient features of these vectors are the inclusion 
of the 5' and 3' regions of the AOXI gene (to target 
plasmid integration via homologous recombination), 
transcription termination and polyadenylation signals, 
and the HiS4 gene (for selecting yeast transformants 
able to grow in histidine-deficient media) or the Zeo- 
cin resistance gene (for selecting both bacterial and 
yeast transformants). Some vectors contain additional 
features such as the fl origin of replication (for muta- 
genesis of single-stranded DNA), the kanamycin 
resistance gene (for selecting G418-resistant high 
copy number traiisformants), or yeast-derived signal 
scsquences (for protein secretion). Plasmids contain- 
ing the gene of interest are linearized and then inte- 
grated in the yeast genome via homologous recombi- 
nation upon transfonnation by spheroplasting or 
electroporation. We routinely use electroporation 
because of its simplicity and relatively high effi- 
ciency (10^-10^ transformants per jig of DNA). 

The usual goal of screening transformants is to 
identify high protein-expressing "jackpot" clones. 
Although expression levels are affected by the inte- 
gration site, gene sequence, and the strain of F, pas- .; 
toris transfonned, the most profound effect typically 
results from copy number (Qare et c/., 1991). High 
copy number integrants are identified genetically by 
PGR (Linder et aL, 1996; Haaning et al., 1997) or 
immunologically with specific antibodies (McGrew 
et al, 1997; Wung and Gascoigne, 1996). Screening 
procedures such as these can be combined with 
genetic or selection strategies designed to enrich for 
high copy integrants. For example, plasmids with 
multicopy inserts can be generated prior to transfor- 
mation, or high copy number integrants can be 
selected for their increased resistance to the drug 
G418 if the integrated plasmid contains the kanamy- 
cin resistance gene (Scorer et ai, 1994). 

Secreted vs. intracellular expression 

Induced proteins are expressed intracellularly or 
are secreted, depending on die absence or presence of 
an appropriate signal sequence. The utility of exploit- 



ing the secretory pathway is that P, pastoris can be 
grown to high cell densities, and then induced with 
methanol, in inexpensive, chemically defined, pro- 
tein-poor media. The low level of protein in the 
media formulations facilitates detection and purifica- 
tion of the final secreted product, which can comprise 
the vast majority (80-90%) of the total protein in the 
supernatant (Faber et aL, 1995). Secreted proteins are 
easily and efficiendy purified from the supematants, 
often in one step by affinity or metal-chelating 
chromatography (Eldin et al, 1997). 



Expression of recombinant antibody fragments 

The first recombinant antibody fragment reported 
to be expressed in P, pastoris was a rabbit single 
chain Fv (scFv) selected from a bacterial phage dis- 
play library (Ridder et al, 1995). ScFv fragments 
contain heavy and light chain variable regions con- 
nected by a small, flexible peptide (Huston et aL, 
1988; Bird et al, 1988). These fragments can be 
modified to increase their. stability or avidity (e.g. 
disulphide-stabilized scFv and bivalent scFv frag- 
ments), and to add additional specificities or effector 
functions (e.g. bispecific diabodies or scFv-immn- 
notoxins) (table I). ScFv fragments are well suited 
for many in vivo diagnostic and therapeutic applica- 
tions because their reduced size (27.000-30,000 
permits them to penetrate tissues more rapidly than 
whole antibodies and to be cleared more rapidly 
from the blood (Yokota et al, 1992). Because the in 
vivo use of scFv fragments and their derivatives 
often requires large quanrities of protein, it is not 
surprising that most antibody fragments expressed in 
P. pastoris have ctinical potential. 

The reported levels of scFv production in P, pas- 
toris range from 10 to 250 mg^ in shake-flask cul- 
tures (table I). These fragments are almost invari- 
ably expressed as secreted proteins in minimal 
media to facilitate their purification. However, Luo 
et at. (1997b) recently reported that a scFv fragment 
was induced to comparable levels (200 mg/1) in 
yeast grown in the standard buffered minimal meth- 
anol medium or in a completely protein-free 
medium. The ability to produce large amounts of 
secreted proteins in essentially phosphate buffer 
should make large-scale protein preparations in 
P. pastoris even more attractive. 



Disadvantages of protein expression in P* pastoris 

Not every protein can be expressed to high levels 
in P. pastoris due to factors such as codon bias and 
the requirement for particular post-translational 
modifications (Sreekrishna et al.y 1 997). However, 
shuttie vectors exist that allow the same gene to be 
expressed in bacterial, yeast, or manimalian cells 
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Table I. Antibody fragments secreted by P. pastoris. 



Ab fragment 


Antigen specificity 


iieia 




scFv 


F aiil^a^rni'i inhihtfnrv Tnf^tr^r 
LieiULaCmia lIIllLUiltJi^ lav^LWi 


> 100 irig/l 


(Ridder era/., 1995) 


scFv 
dsFv 

scFv-chelator 
dsFv-chelator 


Squamous carcinoma 


10-50 mg/l 
NR(*) 
NR 
NR 


(Luo a/-, 1995 ; Luo ei ai, 1996) 


scFv 


Thomsen-Friedenreich 
(pan-adenocarcinoma) 


200 mg/l 


(Luo c£ fl/., 1997b) 


bivalent scFv 
bivalent diabody 
bispectfic diabody 


CA125-ovarian carcinomia 
Carcinoembryonic antigen 
CEA/CD3 


100 mg/l 
1 mg/l 
1 mg/l 


(Luo cr^i/., 1997a) 
(FitzGerald et ai, 1997) 


scFv 
scFv 


Desipraniine 
CD7 


250 mg/l 
60mgh 


(Eldiner^/./1997) 


scFv/B7-2 


erbB2/CD28 


0.5 mg/l 


(Gerstmayer et al, 1997) 



(♦) Not reported. 



(White et aL 1994, 1995 ; Liu et al, 1998). These 
vectors permit investigators to choose the expression 
system that best fits their particular need, be it high- 
yield or appropriate post-translation modification, 
with minimal genetic manipulations. The size of the 
protein to be expressed may also be limiting because 
to our faiowledge, there BXt no reports of proteins „ 
greater than 117 kPa (B-galactosidase) being 
expressed in P. pasto ris. Hign-yield protein produc- 
tion in P. pastoris is dependent on several factors 
such as adequate aeration, methanol concentration 
and temperature maintenance at 28'-30'C (P. pas- 
toris is not thermotolerant). All of these conditions 
have to be maintained to ensure optimal inductions 
but recent advances in batch-fed fermentation 
(White et ai, 1995 ; Chiruvolu et al„ 1997 ; Jimenez 
et ai, 1997 ; Chen et a/., 1997) and shake-flask tech- 
nologies (Guama et aL, .1997) should facilitate mon- 
itoring induction conditions. 



Conclusions 

We have found P. pastoris to be an inexpensive 
and robust system for the high-level production of 
antibody fragments. To find that "jackpot * clone, we 
recommend the following strategy: clone the rele- 
vant gene into a plasmid.that contains a signal 
sequence, the kanamycin resistance gene, and an 
epitope- or hislidine-tag sequence, select for trans- 



fonnants with increased G418 resistance, and then 
screen colony lifts of induced transformants with 
tag-specific antibodies. An alternate strategy is to 
linearize the plasmid separately with different 
restriction endonucleases to target integration at var- 
ious sites in ±c Pichia genome. Differentially line- 
arized vectors could be mixed in the same transfor- 
mation to generate multiple integrants per clone. 
This increases the likelihood that the gene of interest 
integrates in a transcriptionally active site dependent 
on local chromatin structure. 

A recent report of alpha-sarcin ribotoxin produc- 
tion in P. pastoris suggests that this system may 
soon be exploited for the expression of scFv iramu- 
notoxins (Martinezruiz et al, 1998). Larger, intact 
antibodies such, as camclid heavy chain IgG (Ham- 
ers-Casterman etal, 1993) might also be expressed, 
since P. pastoris can secrete functional disulphide- 
bonded homodimers and heterodimers (Luo et al, 
1997a; FitzGerald et ai, 1997; Kalandadze .er aL, 
1996). We therefore anticipate that the use of P. pas- 
toris as an expression system for antibody-derived 
fragments will be on the rise. 
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A) Plant bioreactors 

The first transgenic plants were reported in 1983 
(Fraley et al, 1983; Zambryskyi et al, 1983), Since 
then, many recombinant proteins have been 
expressed in several important agronomic species of 
plants including tobacco, corn, tomato, potato, 
banana, alfalfa (Austin et al., 1994) and canola (sum- 
marized in Kusnadi et al, 1997a). Recent wodc sug- 
gests that plants will be a facile and economic bio- 
reactor for large-scale production of industrial and 
pharmaceutical recombinant proteins (Kusnadi et al., 
1997b; Austin et aU 1994; Krebbers et al, 1992; 
Whitelam et al, 1993). (Jenetically engineered 
(transgenic) plants have several advantages as 
sources of proteins compared with human or animal 
fluids/tissues, recombinant microbes, transfccted ani- 
mal cell lines or transgenic animals. These include : 

(I) production of raw material on an agricultural 
scale at low cost; 



(2) efficiency of the transformation technology 
and speed of scale-up ; 

(3) correct assembly of multimeric antibodies 
(unlike bacteria) ; 

(4) increased safety, as plants do not serve as 
hosts for human pathogens, such as HIV, prions, 
hepatitis viruses, etc.; 

(5) reduced capitalization costs relative to fer- 
mentation methods. 

Perhaps most important are the cost benefits of 
plant production. For example, Kusnadi et al 
(1997b) calculated the cost of producing a recombi- 
nant protein in various agricultural crops (see fig. 1). 
The cost estimate was based on the commodity price 
of the crop, the fraction of total protein in the crop, 
and the not unreasonable assumption that the recom- 
binant protein accumulated to 10% of the total plant 
protein. Although crops with more protein content 
(e.g. soybeans, 40% versus potatoes 2%) are more 
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